The paper evaluates operation of the separation unit of NH CR9080 combine harvester. A considerable technical and technological progress has taken place in presently used harvesters. Among others, efficiency increased and equipment has been enhanced with elements which improve the operation quality. The objective of the paper was to determine the quality of the separating unit of a combine harvester New Holland CR9080. During the research, losses on screens and rotor, cutting height of rapeseed, mowing speed, rotation of fans, rotors and engine were determined. Relation of losses on screens to combine operation parameters was determined with a model of multiple regressions. The rotational speed of rotors, mowing speed and rotational speed of the combine engine have a significant effect on losses on screens at the rapeseed harvesting with the investigated combine.
Introduction and objective of the paper
An economic development degree of the country depends inter alia on the level of grain production. The last period shapes Poland as a stable grain producer. The sowing area in Poland in 2008 was 8.6 million, from which almost 27 million tons of grain was harvested. In 2014, the sowing area increased and it was 10.3 million of ha. The average crop of grain in the country' scale was 3.8 tons form one hectare (Karpiński, 2015) . In the world, the area sown with grains in 2014 was 712 million ha out of which 2.5 billion tons of grains were obtained; in Europe 60.5 million hectare which gave the crop in the amount of 315 million tons of grains. Such a vast sowing area causes a demand for more efficient combine harvesters (Bieniek, 2011; Dreszer et al., 2008; Miłosz, 2000; Wecker, Kutzbach et al., 1996; www1) .
Presently, combine harvesters are produced by such companies as: Claas, John Deere, New Holland, Case HI, Fendt, which are universal machines which constitute a basis of a machinery park during harvesting. Due to many replaceable adapters, working elements and possibility of selection of relevant working parameters, these machines may be used for harvesting of various plant species. Each company creates technical solutions which they apply in their models (Bieniek, 2003 and 2011; RPT, 2012; Molendowski et al., 2011) .
The quality of operation of the harvester may be determined with many parameters but the most important is purity and grain losses. Capacity is the next parameter taken into consideration at the evaluation of the combine harvester, which should be strictly related to standards concerning losses and grain purity (Bieniek, 2010; Beck, 2000; Komarnicki et al., 2007) .
A classic combine harvester as a universal machine may be adjusted also to harvesting of corn and soya (Przybył and Sęk, 2010) . The next stage in adjusting the machine for harvesting of a particular crop was the change of the harvesting device and mounting relevant working elements of the combine such as: elongation of a table and equipping it with vertical side scythes designed for harvesting of rapeseed (Żak et al., 2007) .
Combine harvesters produced in recent years are advanced machines with regard to mechatronics. Operation parameters of harvesters are controlled by means of sensors and proceeded by an on-board computer which automatically selects working settings, optimally to existing field conditions (Baruah, Panesar, 2005a , 2005b Nik et al., 2009; Tanaś, Zagajski, 2008) . Due to the use of automatic control system of working units, harvesters became more efficient. For example, moisture sensors, which were used in harvesters cause decrease of damage and grain losses in the harvesting process (Liu, Leonard, 1993; Miu, Kutzbachb, 2008a , 2008b Tanaś et al., 2008; Tanaś, Zagajski, 2010; Molendowski et al., 2012) .
The objective of the paper was to analyse the impact of the selected new technical solutions used in the separating unit of New Holland CR9080 combine harvester on the quality of operation. The quality of operation of the separation unit was evaluated through analysis of rapeseed losses on screens and rotors.
Object and methodology of research
The research was carried out on a field near Gródno town in Dolnośląskie Voivodeship. Agrotechnical conditions during the test were as follows: -54 ha field with varied land slope from 0º to 6º, -harvesting of seeds -rapeseed, -average height of plants is 1.6 m, -moisture of seeds at 10 35 was 9.8%, -moisture of seeds at 14 20 was 9.2%. Four test fields were set on the area. Five iterations were made on each field. Performance of the harvester, its demand for energy, quality of work: losses, damage and purity of seeds were parameters taken into consideration during evaluation of the quality of harvesters operation (Anil et al., 1998; Bieniek, 2010; Maertens et al., 2001; Molendowski et al., 2012 The average crop from entire field was 3.65 t·ha -1 . Each sample of harvested rapeseed from the investigated field was weighted on the Metal-Tech loading cart (Fig. 1) equipped with electronic scales. Moisture of seeds was determined with a moisture meter Unimeter Super Digital Figure 1 . Loading cart by The object of the research consisted of a separation unit of New Holland CR9080 harvester. The unit with the presented system of screens (Fig. 2) consisted of: grain table 1, initial screen, 3, top screen 4 and bottom screen 5, where a working slot was set during research -upper screen equal to 9 mm and bottom screen 2 mm. The surface of screens under the influence of air stream generated by the axial 6-blade fan was 6.5 m 2 and ensured a uniform air flow on the entire length of the working length of a screen. Screens which maintain separation process balance of the harvested mass were used in the harvester. Screens were controlled with electric engines from the operator's cab. An acoustic sensor presented in figure 3 calculated losses of rapeseed, generated within a chaff riddle screen box.
Figure 3. Sensor of losses on screens in New Holland CR 9080 (photo by author)
Underthreshed material falling from the screen was carried out to side threshers and threshed seeds were transported to an overseeder. The sensor of undershred material mounted on a conveyor informed on its amount which allowed optimal setting of operation parameters of machines (www2). The rotational speed of a fan during driving down or up of a slope was regulated and automatically set by the installed Opti Fan system. Principles of operation of the system were presented in figure 4 (www3). Table 1 sets the results of statistical calculations of the measured parameters which describe the harvester operation at rapeseed threshing on four experimental fields and the measurement values from the tests which were carried out.
Research results
Experimental fields differed with acreage (1.5-1.93 ha) and thus differed with the number of measurements (121-215) and the size of the harvested crop (5.96-7.1 ton). The harvesting time was different on each experimental field caused by agri-technical factors such as: lay of the fields, density of plants on particular fields and conditions of harvester's operation. The average losses of seeds on screens were within 3.36% to 3.86% depending on the investigated field. The minimum and maximum values of this parameter result from a description of combine harvester operation. Losses on screens are parameters which define the quality of operation of a harvester; the minimum losses were 0.23% and the maximum were 8.6%. Losses on rotors are small since they do not exceed 1%. The rotational speed of an engine in assumptions of the harvester operation was 2100 min -1 and the average from measurements of this parameter on all investigated fields was the same. The engine operation at these rotations optimizes the remaining parameters of the harvester such as rotations of rotors and movement of screens in the box of a chaff riddle screen. They influence also the fuel consumption. The change of the parameter of the rotational speed of the engine on particular fields during research resulted from the variable cycle of machine operation and was within 2000-2150 min -1 . The rotational speed of rotors was the following parameter determined during research. In the initial settings of the machine, it was 580 min -1 and the average from measurements on each particular field was the same. Deviations from the set speed resulted from the variable loading of the threshing unit and were within 560-590 min -1 . When the excessive amount of mass got to the threshing section, the rotational speed of rotors was decreasing. The drive computer registered the decrease of the rotational speed of rotors and increased them by the increase of the rotational speed of the engine to prevent blocking in the threshing unit. After a greater amount of mass was threshed, the rotational speed of rotors returned to its set value. The height of cutting a field was the most variable parameter on all fields. Its variability results from the lay of the field terrain. Auto-tracing of the area by a header changes the cutting height of a field independently from the operator. Variability of the cutting height results also from characteristics of combine harvester operation on headlands. The cutting height of a field was from 01 to 86 cm. The driving speed of a combine harvester is the next parameter which may be monitored during research. The average speed of the combine during threshing was within 4.2-4.7 km·h -1 and the maximum was 11 km·h -1 . The change of the driving speed during harvesting results from a variable lay of the surface of fields and the nature of machine operation namely returns and technological crossings. Figure 5 presents results of statistical calculations of losses on screen including particular experimental fields. On each of the investigated fields, the differences between the border values of the investigated parameter were considerable. The smallest differences were reported on fields no. 2 and 4. The biggest differences were reported on field 1. Table 2 presents results of multiple comparisons of losses on screens with a post-hoc test between particular fields. Losses on screens on field no. 1 were significantly smaller than on fields 2 and 3 (2.5% and 3.7%; p < 0.05).
Results of multiple comparisons of engine rotations n s with a post-hoc test during combine harvester operation on fields are presented in table 3. The rotational speeds of the engine on all investigated fields were similar and were respectively 2099 min -1 , 2100 min -1 , 2095 min -1 and 2099 min -1 . Table 2 . Table 3 . Table 4 presents results of multiple comparisons of the rotational speeds of rotors n s with a post-hoc test during combine harvester operation on fields. The rotational speeds of rotors were insignificant between harvesting on fields 1 and 3 and 4 and between fields 2 and 3. Table 4 . Results of multiple comparisons of rotors rotations n r with a n r test The rotational speed of a fan n w on four investigated fields was presented in figure 6 . The most uniform readouts of the rotational speed of a fan, were reported during harvester operation on the field no. 2. The highest difference between the minimal and the maximum value was on the filed no. 3. Table 5 presents results of the post-hoc test on the rotational speed of the fan. Table 5 . Table 6 presents results of multiple comparisons of cutting height of a field h with a post-hoc test. Table 6 . 
Figure 5. Comparison of losses on screens s s on four fields and results of Kruskal-Wallis test

Results of multiple comparisons of losses on screens s s with a post-hoc test
Results of multiple comparisons of engine rotations n s with a post-hoc test
Results of multiple comparisons of fan rotations n w post-hoc test
Results of multiple comparisons of cutting height of a field h with a post-hoc test
Univariate analysis of variance
Because losses on screens s s on three fields differed significantly (table 1) for the purpose of analysis of regression they were given the following ranks: field 1 − rank 2, field 2 − rank 3, field 3 − rank 4 and field 4 − rank 1. Figure 7 illustrates losses on screens s s for particular fields. Table 7 presents values of linear regression coefficients of losses on screens with the analysed parameters (on all four fields together). Value of the coefficient of determination R 2 = 0.153 informs that only 15.3% on the variability of losses on screens are influenced by rotations of rotors and engine and the driving speed which is presented by the following model:
Losses on screens in a harvester are affected the most by rotational speeds of rotors n r (β = -0.299), then the driving speed V (β = 0.205) and the least by rotations of an engine n s (β = -0.086). Parameters of the cutting heights of a field h and the field rank were not included in the model (p > 0.05).
Conclusions
1. Parameters of combine harvester operation on each of 4 investigated fields differed significantly between each other. The average values of losses on screens were within 3.22% to 3.96%. On the other hand, losses on rotors were from 0.02% to 0.05%. 2. The rotational speed of a fan was changing during operation of the combine harvester within 550-600 min -1 . These changes were caused by Opti Fan system operation which automatically controlled the rotational speed of a fan. 3. The rotational speed of rotors and driving speed of a combine harvester were a significant parameter which influenced the losses of rapeseed on screens. The average rotational speed of rotors was approx. 580 min -1
. The optimal driving speed was controlled directly by an operator but it was corrected by Intelli Cruise system, which automatically decreased or raised the driving speed of a machine in relation to the density of the mown field. The maximum mowing speed was 11 km·h -1 . 4. The rotational speed of rotors, mowing speed and rotational speed of the combine engine have a significant effect on losses on screens at the rapeseed harvesting with the investigated New Holland CR 9080 combine, which was described with the multiple regression model.
OCENA PRACY KOMBAJNU ZBOŻOWEGO NEW HOLLAND CR9080
Streszczenie. W artykule przedstawiono ocenę eksploatacyjną pracy zespołu czyszczącego kombajnu zbożowego NH CR9080. W obecnie stosowanych maszynach do zbioru zbóż nastąpił istotny postęp techniczny i technologiczny, między innymi wzrosła wydajność, a w wyposażeniu pojawiły się elementy poprawiające ich jakość pracy. Celem badań było określenie jakości pracy zespołu czyszczą-cego kombajnu zbożowego firmy New Holland CR9080. Podczas badań wyznaczono straty na sitach i na rotorach, wysokość cięcia rzepaku, prędkość koszenia, obroty wentylatora, rotorów i silnika. Zależność strat na sitach od parametrów pracy kombajnu wyznaczono modelem regresji wielorakiej. Istotny wpływ na straty na sitach przy zbiorze rzepaku badanym kombajnem mają: prędkość obrotowa rotorów, prędkość koszenia oraz prędkość obrotowa silnika kombajnu.
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